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species richness at the wave exposed site and on stabilized maerl at the sheltered site were 23 reduced at times of higher wind speeds. The changes in species richness were not 24 distinguishable from a neutral model, implying that algal species were added at random to the 25 assemblage as the level of disturbance lessened. Results for animal species were more mixed. 26
Although mobile species were less abundant during windy periods at the exposed site, both 27 neutral and non-neutral patterns were evident in the assemblages. Artificial stabilization of 28 maerl had inconsistent effects on the richness of animals, but always resulted in more attached 29 algal species. While the results show that the response of a community to disturbance can be 30 neutral, the domain of neutral changes in communities may be relatively small. Alongside non-31 neutral responses to natural disturbance, artificial stabilization always resulted in an 32 assemblage that was more distinct than would be expected under random sampling from a 33 common pool. Community responses to stabilization treatments did not consistently follow the 34 predictions of the dynamic equilibrium model, intermediate disturbance model or a facilitation 35
INTRODUCTION 41
Maerl beds formed by free living coralline algae (also known as rhodolith beds) are 42 widespread marine biogenic habitats with a high conservation importance (Foster 2001) . Maerl 43 are habitat forming 'foundation species' (Dayton 1972, Bruno and Bertness 2001) : by virtue of 44 the branching and interlocking nature of their thalli, a complex three-dimensional habitat is 45 constructed. Disturbance is also a key feature of maerl beds as individual thalli can be moved 46 by waves, currents or bioturbation (Steller and Foster 1995 , Harris et al. 1996 , Marrack 1999 . 47
Although maerl beds appear to support a relatively high diversity, little is known about the 48 interactions among the associated species (Foster 2001) . 49 It is possible that the natural patterns of disturbance in maerl beds affect the associated 50 biodiversity (more is known about the effects of anthropogenic disturbances, Hall-Spencer and 51 (DEM, see also Kondoh 2000) , which modifies the relationship between disturbance and 57 diversity according to productivity. For example, under low productivity diversity decreases 58 monotonically with disturbance as the resource-limited conditions where competitive 59 displacement occurs are never reached. Most theoretical explanations for the IDH and DEM 60 are based on trade-offs between the ecological traits of species, generally invoking a 61 competitive hierarchy (Petraitis et al. 1989 , Kondoh 2000 . There are two contrasting 62 alternatives to the idea that competitive interactions underlie disturbance-diversity 63 relationships. A simulation model is used by Kadmon and Benjamini (2006) (Brown 1990 ). The second bed, Zara Shoal, is made up of 159 live maerl, predominantly Phymatolithon calcareum, occupying up to 90% of the total area. 160
The Zara bed is deeper than maerl at Sketrick, lying between 5 and 9 meters depth. Both beds 161 consist of a fairly thin cover of maerl (one to two layers of thalli) overlying a mixture of coarse 162 and fine sediment (with a greater proportion of fine material at Sketrick). The habitats around 163 each bed consist of mosaics of rock, fine and coarse sediment and include other biogenic 164
features (circalittoral Kelps and Modiolus modiolus reefs). 165
As the studied beds are relatively shallow, they are susceptible to disturbance from 166 wind-generated waves. The shelter at Sketrick prevents much wave activity, but Zara is more 167 affected by wind-driven waves. In the study by Davies and Johnson (2006) , shores adjacent to 168 the Sketrick bed were in the most sheltered quartile of sites around the shores of Strangford 169
Lough, while the shores closest to Zara were in the most exposed quartile of sites. Marrack 170 8 (1999) (Fig. 1) . Such frequencies are comparable to the winter 175 month data in Marrack (1999) , where movement of thalli was observed to be 'frequent'. At the 176 scale at which experiments were carried out (see below) there was no evidence for seasonality 177 in wind speeds at Strangford. For example, the highest average daily wind speed was observed 178 Following removal of algal material, samples were fixed in 4% formalin-seawater and 236 preserved in a 70% alcohol solution. Sessile organisms such as ascidians, sponges and some 237 molluscs were removed using forceps. Samples were shaken to remove vagile organisms with 238 the alcohol solution from each sample sieved through a 0.5 mm mesh to collect fauna. The 239 retained sediment was sorted under a binocular dissecting microscope to extract any remaining 240 organisms. Epifauna was identified to species, genus or to the best resolution possible. Due to 241 the difficulties in recognizing individuals of encrusting colonial invertebrates, these groups 242 were counted as one individual for each maerl piece they were attached to. Counts for these 243 species may therefore under-represent the number of separate colonization events. 244
245

Statistical analyses 246
Species richness was calculated for each replicate for both algae and animals. Due to 247 difficulties in unambiguously identifying individual algae and the wide variation in thallus 248 sizes, total abundance of individuals was only calculated on the basis of counted animal 249 species. The equivalent variable for algae was total dry mass of attached fronds. All response 250 variables were compared between stabilized (tied) and free maerl treatments using ANCOVA, 251 with average daily wind speed during the relevant 2-month exposure period as the covariate. 252 disturbance presented here make a more explicit hypothesis by testing for nested structure 305 along a proposed gradient of disturbance (wind stress). The neutral model tested in this study is 306 therefore a more explicit hypothesis than existing tests of nestedness. Measurements of 307 nestedness should, however, be consistent with our analyses. Matrix 'temperatures' were 308 therefore calculated for all taxon matrices using the methods in Ulrich and Gotelli (2007) ; 309 where progressively stronger nesting results in a lower matrix temperature. The matrix 310 temperature is an analogy to thermodynamics, but as a ratio it does not have units of 311
measurement. 312
The assemblages on free and stabilized maerl were also compared using random 313 selections from a common species pool to test for neutrality. Differences in mean abundance 314 would cause differences between the two treatments even if replicates had sampled the same 315 underlying species pool. The ANOSIM test statistic (R) was used to compare between 316 assemblages on tied and stabilized maerl. This statistic is based on subtracting the average rank 317 similarity within treatments from the average rank similarity between treatments (Clarke 1993) . 318
An expected value for the ANOSIM statistic under neutral selection from the species pool was 319 derived using PopTools. Individuals were selected based on probabilities in the relative 320 abundance distribution for tied and free replicates combined. The ANOSIM test statistic was 321 then calculated for these neutral selections based on the number of individuals in each of the 72 322
replicates. As before, this procedure was repeated to derive an expected mean ANOSIM 323 statistic and confidence intervals under an assumption of neutral selection from the available 324 species pool. 325 326 14
RESULTS
327
There was substantial overlap between the species recorded on tied and free maerl. At Sketrick 328 there were 91 animal species on tied maerl and 102 on free maerl, with 75 of these species in 329
common. There were slightly more algal species in total on tied maerl (21) than there were on 330 free maerl (18). A total of 14 species were shared between tied and free maerl. Similar species 331 richness patterns were found at Zara Shoal, although the overall species numbers were slightly 332 higher than at Sketrick. A total of 105 animal species and 26 algal species were recorded from 333 tied treatments, with 120 animal species and 20 algal species on free maerl. The different 334 treatments at Zara had 86 animal species and 20 algae in common. 335
The most common animal species were amphipods. The most frequently counted 336 species at Sketrick were Corophium sextonae Crawford, Aora typica Krøyer, Lysianassa 337 ceratina Walker, Cheirocratus sundevallii (Rathke) and the bivalve Crenella decussata 338 
Effects of maerl mobility on assemblages 346
Wind speed affected algal and animal abundances at Zara (Table 1, Fig. 2 ). Algal 347 biomass and mobile animal abundances were lower under more windy conditions. The 348 abundance of sessile species at Zara actually increased with wind speed. These patterns were 349 not evident at the more sheltered site. Algal biomass on tied maerl at Sketrick was, however, 350 lower under higher wind speeds. The fitted slope for algal biomass on free maerl at Sketrick 351 was not significantly different from zero (slope 0.1270 (SE 0.1262), t = 1.01, not significant). 352
15
The disturbance associated with higher wind speeds did not affect animal species 353 richness (Table 2 ). In contrast, algal species richness fell with increasing wind speeds (Fig. 3) . 354
Cases where wind speed appeared to be affecting the abundance or biomass of 355 assemblages were examined for evidence of non-neutral changes in assemblages. In most cases 356 the measured association between species based distance matrices and the wind speed distance 357 matrix were within the confidence limits of a neutral model. Changes in assemblages were no 358 more structured than would be expected with random selection of species from the available 359 pool (Table 3) . Free maerl treatments at Zara were an exception to this pattern. The association 360 between wind speed and assemblages matrices in these cases was higher than the upper 361 confidence interval. There was greater discrimination between assemblages at different wind 362 speeds than might be expected from neutrality. 363
Calculated matrix temperatures were consistent with the results from the more explicit 364 test for association with wind speed. The two treatments that significantly departed from a 365 neutral response to wind disturbance had the lowest degree of nesting (temperatures greater 366 than 18). As would be expected under passive sampling, experimental treatments that 367 conformed to a neutral model had lower matrix temperatures (range 5 -13). 368
369
Differences among experimental treatments 370
Stabilizing maerl always increased algal species richness with respect to free maerl. 371
The results for animals are more mixed (Table 2) . Both mobile and sessile animal groups were 372 less species-rich on stabilized maerl than on free maerl at Zara. Tying maerl down resulted in 373 the opposite effect with mobile animal species at Sketrick and no difference in richness among 374 treatments for sessile species at this site. 375
The assemblages on tied and free maerl differed more than would be expected under a 376 neutral model. The dissimilarities between treatments were not solely due to sampling different 377 numbers of individuals from a common species pool (Table 4 ). The hypothesis of neutrality 378 16 between treatments could therefore be rejected with species-specific ecology invoked to 379 explain the different assemblages found on tied and free maerl. 380
381
DISCUSSION 382
Neutrality and responses to disturbance 383
High wind speeds affected the abundance of animals and biomass of attached algae at 384 the more exposed site and the biomass of algae on tied maerl at Sketrick. In all cases except 385 that of sessile species at Zara, high wind speeds were associated with lower 386 biomass/abundance, as would be expected if wind-driven waves were disturbing the maerl 387 beds. The response of algae to increased wind speeds gives a clear example of how 388 disturbances can affect biomass and species richness but with the changes in assemblage 389 structure following a neutral model. There was no evidence that particular algal species were 390 more prevalent at any point along the spectrum of disturbances. If this were the case there 391 would be greater dissimilarities between replicate assemblages than was observed. Algae on 392 maerl are therefore an example of the 'more individuals' process (Kadmon and Benjamini 393 2006) in which species are added to an assemblage as biomass increases, but they are not 394 added in any particular order. 395
The neutral model was not, however, universally applicable to results. Disturbance by 396 higher winds was associated with lower abundances of mobile animals on free maerl at Zara. 397
Species assemblages on free maerl at Zara were, however, more distinct at different wind 398 speeds than would be expected from random sampling of the same species pool. Under a 399 neutral model, all mobile species would be expected to have negative correlations with wind 400 speed as overall abundance also decreases under windier conditions. The most extreme 401 departures from this pattern were species either insensitive to wind speed or showing slight 402 increases in abundance with wind speed. For example, Hydrobia neglecta, Achelia longipes 403 and Ophiura albida all had correlations with wind speed exceeding 0.24. The rejection of 404 neutrality suggests that these species are more likely to colonize maerl under windier 405 conditions or they may be excluded by ecological interactions at low wind speeds. The same 406 species were more common in free maerl than in stabilized treatments, which is consistent with 407 some preference for a more mobile substratum. 408
It is not entirely clear why the neutral model may be applicable in some situations and 409 not others. The hypothesis that algae may be more likely to have asymmetric competitive 410 interactions was not supported by the analysis. If asymmetric ecological interactions are 411 involved in the changes in assemblages, then one might expect such interactions to be more 412 evident under higher abundances as resources are more likely to be limited and encounter rates 413 are likely to be higher. This is the case for mobile species on free, as compared to stabilized, 414 treatments at Zara. This explanation is not, however, consistent with the equal abundances in 415 tied (neutral) and free (structured) sessile assemblages at Zara. Although, if tied maerl is 416 accepted as a more heterogeneous and complex environment, the effective surface area for 417 attachment may be higher than is the case in free maerl even at the same overall abundance. 418 419
Disturbance-diversity relationships 420
The relationships between disturbance and species richness were varied. Only algal 421 species richness was associated with variation in wind speed. This pattern was consistent with 422 the neutral interactions leading to the pattern predicted under the DEM with low productivity 423 (increased biomass and species richness under low disturbance). Within the timescale of the 424 experiment there was no evidence for a reduction in algal species richness under low 425 disturbance. Either the biomass where competitive exclusion is important is not reached, even 426 on stabilized maerl, or there are facilitation effects that offset any competitive exclusions 427 (Bruno and Bertness 2001) . Variable wind speeds had no effect on mobile or sessile animal 428 species richness. Stabilization was proposed to cause a reduction in disturbance and an 429 opportunity for the number of individuals and species to increase relative to free maerl. 430 Table 1 . Analysis of covariance for the effect of wind speed and stabilization on the abundance and biomass of maerl associated species. 609
Homogeneity of slopes between treatments was tested using a full ANCOVA model that included a stabilization treatment x wind speed 610 interaction. This term was subsequently removed from fitted models except for the one case where it was significant. The null hypotheses of 611 homogeneous slopes were therefore accepted for all cases except algal biomass at Sketrick. Degrees of freedom for the residual in the model with 612 an interaction term were 68. Main effects F ratios are not shown for the model with an interaction as they are difficult to interpret in this case. Table 2 . Covariance of species richness with wind speed and stabilization treatment. Homogeneity of slopes between treatments was tested using 616 a full ANCOVA model that included a stabilization treatment x wind speed interaction. This term was not significant for any of the analyses. 617
The null hypotheses of homogeneous slopes were therefore accepted and the interaction was omitted from the final models. 
